ABSTRACT
INTRODUCTION
Embryonic stem (ES) cells were first isolated from the inner cell mass (ICM) of mouse blastocysts (Evans and Kauffmann, 1981) and since then the derivation of ES cells from many species, including humans have been reported. Several techniques for obtaining the ICM as well as for propagating the ICM-derived embryonic stem cells have been described. For the isolation of ICM; the most popular is immunosurgery where blastocyst's outer trophectodermal cells are eliminated by an antibody-complement reaction. Although very efficient to derivate the human embryonic stem cells (Heins et al., 2004; Kim et al., 2005) , the method is dependent on the availability of the species-specific antibody/ antiserum. For example, only recently the antiserum against rabbit embryos was successfully used to isolate the ICM and the putative ES cells (Chiang et al., 2007) . However, there is no commercially available antibody/antiserum against bovine embryos. Trypsin treatment of blastocysts to remove the trophectoderm cells was also used to isolate the inner cell masses in miniature pigs, buffalo and goat (Li et al., 2004; Verma et al., 2007; Pawar et al., 2009) . Similarly, the initial outgrowth and the ES colonies can be propagated by the treatment with collagenase, trypsin or dispase Suemori et al., 2006; Wang et al., 2007) , although in a recently isolated cat ES-like cells, propagation by trypsin dissociation resulted in cell differentiation (Yu et al., 2008) . The enzymatic digestion of zona-free blastocysts was reported in cattle (Yadav et al., 2005) , but trypsin treatment for the subsequent passage of primary colony has not been adopted by many researchers, since the most bovine ICM-derived ES cells reported to date are sensitive to enzymes. The mechanical isolation is another important technique to obtain the ICM and propagate the colonies. Although considered a laborious technique, it has been re-evaluated for the isolation of human ES cells for further therapeutic purposes, where the use of animal derived biological components is no longer acceptable (Meng et al., 2010) . The physical isolation of bovine ICM is a widely disseminate technique to obtain the ES cultures. Usually, a micromanipulation chamber over the stage of an inverted microscope are used, equipment not frequently disposable to cell culturists that aims to isolate the bovine ES. Furthermore, until now, no authentic bovine ES cells have been obtained despite the use of these more sophisticated techniques (Talbot and Blombergle, 2008; Cao et al., 2009) . The aim of this study was to establish and characterize the embryonic stem cells from fresh in vitro produced bovine blastocysts (IVP), using the mechanical isolation of ICM and mechanical propagation of the colonies.
MATERIALS AND METHODS

Embryos
A total of 31 bovine in vitro produced (IVP) blastocysts (day 7) were kindly donated from In Vitro Brazil Ltda. Of these, 17 were expanded and 14 were hatched blastocysts (Fig. 1A) . All the procedures of the embryo production were performed at In Vitro Brazil Ltda, enterprise specialized in IVP. Blastocysts were transferred to phosphate buffered saline (PBS; Gibco-Invitrogen, USA) supplemented with 10% fetal bovine serum (FBS; Cultilab, Brazil) and immediately processed to isolate the ICM.
Isolation and culture of murine embryonic fibroblasts
The isolation and expansion of murine embryonic fibroblasts (MEF) was based on the published standard protocols (Bryja et al., 2006) . MEF were derived from the mice's embryos. For their isolation, females were sacrificed between the 13 th and 14 th day of conception. Fetuses were isolated and placed in PBS, and the heads and limbs were removed. The carcasses were washed with PBS, dissociated in 0.25% trypsin/EDTA (Cultilab, Brazil), and placed in the culture flasks containing DMEM medium (Gibco-Invitrogen, USA) supplemented with 10% FBS (Cultilab, Brazil), penicillin (100 UI/ml)/streptomycin (100 µg/ml) (Gibco-Invitrogen, USA) and kept at 37 o C under 5% CO 2 . After a few days, fibroblasts became visible and were left to grow near the confluence, when they were ready to be frozen and stored for later use. A high viability was obtained by freezing the fibroblasts directly in a solution containing DMEM (Gibco-Invitrogen, USA), 20% FBS (Cultilab, Brazil) and 10% dimethyl sulfoxide (DMSO, Invitrogen, USA). MEF were cultivated in culture flasks previously coated with 0.1% gelatin (Sigma-Aldrich Chemical Co., USA) containing DMEM (Gibco-Invitrogen, USA) supplemented with 10% FBS (Cultilab, Brazil), 2mM L-glutamine (Gibco-Invitrogen, USA) and penicillin (100 UI/ml)/streptomycin (100 µg/ml) (Gibco-Invitrogen, USA). Subcultures were routinely performed every two days using 0.05% trypsin/EDTA (Gibco-Invitrogen, USA). The day before bovine ES-like cells seeding, MEF were mitotically inactivated with 10 µg/ml mitomycin C (Sigma-Aldrich Chemical Co., USA) for 3 h at 37ºC and 5% CO 2 .
Mechanical isolation of the ICM and culture of bovine embryonic stem-like cells
The ICM was manually isolated using two syringe metal needles (18G -BD, USA) under a stereomicroscope (Nikon-1500). The morphologically intact ICM (Fig. 1B) were transferred to a feeder layer of mitotically inactivated MEF in minimum essential medium α (α-MEM; Invitrogen, USA), supplemented with 15 % FBS (Hyclone; Logan, UT), 0.1 mM 2-mercaptoethanol (Invitrogen, USA), human leukemia inhibitory factor (LIF) at 10 ng/ml (Esgro, USA), penicillin (100 IU/ml), and streptomycin (50 µg/ml) and maintained at 37ºC under 5% CO 2 . Approximately 2-4 days later, the primary outgrowth of the ICM-derived cells could be seen. After 10 days of primary culture, the colony was first dissected into small pieces with a housekeeping knife, disaggregated by pipetting up and down and then transfer to a fresh feeder layer. The ES-like cell colonies were further propagated as described for the primary colony until passage 6. For passages, colonies with signs of differentiation (with a not defined demarcation boundary) were discarded. 
Alkaline phosphatase staining
An assay was performed in order to determine the alkaline phosphatase (AP) activity in the bovine ES-like cells. A solution of 5-bromo-4-chloro-3-indol phosphate/nitro blue tetrazolium (BCIP/ NBT) (Roche) was prepared, according to manufacturer's specifications. The analysis was performed on the cells previously fixed with 4% paraformaldehyde for 15 min at room temperature. After rinsing with PBS, the BCIP/NBT solution was added and fixed cells were incubated for 30 min in a dark environment. Cells with alkaline phosphatase activity showed a dark blue coloration.
Reverse transcription-polymerase chain reaction (RT-PCR) analysis
The characterization of the undifferentiated state of the bovine ES-like cells was performed by RT-PCR. Total RNA was extracted from the bovine ES-like cells using Trizol (Invitrogen, USA), and quantified using a fluorimeter (Qubit™, Invitrogen, USA). Two micrograms of the RNA samples were DNase-treated (Invitrogen, USA) for 15 minutes at room temperature. The samples were equally fractionated and one microgram of DNase-treated RNA was reverse-transcribed using Thermo Script RT-PCR™ kit (Invitrogen, USA), according to manufacturer's specifications. RTnegative controls (not reverse-transcribed) were also included. PCR reaction mixture was composed of 0.25 µM of each primer (Table 1) were analyzed by electrophoresis on 1.5% agarose gel containing ethidium bromide (1 µg/mL). As negative control, samples without cDNA were also used in the PCR reaction. 
Gene
Primer sequence Product (bp) References
Oct 
RESULTS AND DISCUSSION
Isolating of the ICM and bovine ES-like cells
Within the initial 48 h, none of the ICMs from the hatched blastocysts were able to adhere to MEF layer. The reason for this was not known. Among the expanded blastocysts, six became attached to MEF layer (Fig. 2B) . The ICMs continued to grow ( Fig 2C) culminating with the formation of a button in the middle of a large colony (primary colony, Fig. 2D ). Ten days after, the primary colony was mechanically dissected as described in Material and Methods and further propagated, originating the putative ES-like cells (Fig. 2E-F) . These cells grew and formed flat colonies with well defined boundary ( Fig. 2H-J) . These cells were classified as embryonic stem cells according to their morphology, namely, a small ratio cytoplasm/nucleus, a nucleus with multiple nucleoli, and cytoplasmic vesicles (Stice et al., 1996; Cibelli et al., 1998; Mitalipova et al., 2001) . One ES-like line with these characteristics were established and maintained by six passages for two months. After this period, the spontaneous differentiation occurred (Fig. 2K) and culminated with the formation of embryoid bodies (EB) (Fig.  2L ). This differentiation could be due to the decrease/absence of expression of auto-renewal factors after the first passages, thus becoming difficult to attain a permanent cellular line (Gjorret and Maddox-Hyttel, 2005) .
Expression of pluripotency markers by the bovine embryonic stem like-cells
In an attempt to characterize these cells, the expression of markers normally associated with the undifferentiated pluripotent state was done. Alkaline phosphatase activity has been used to identify the pluripotent cells in the cultures derived from livestock species (Talbot et al., 2000; Li et al., 2003) . In the present study, the colonies at sixth passage did not stain or stain weakly for the alkaline phosphatase (Fig. 3) . Conflicting results have been reported in relation to AP staining in the bovine embryonic stem cells. Cao et al. (2009) detected a strong AP activity in both, the primary bovine ES-like colony and trophoctoderm cells. Yadav et al. (2005) observed a weak or absent AP activity in the bovine embryonic ES-like cells. Therefore, AP activity might not be a good pluripotency marker for the bovine embryonic stem cells. The level of Oct-4 and STAT-3 gene expression was further studied. Oct-4 is a critical transcription factor frequently used as marker for the undifferentiated cells. High expression levels have been found in human ES cells (Reubinoff et al., 2000) , mouse ES cells (Berril et al., 2004) , equine ES cells (Saito et al., 2002) and bovine ES cells (Saito et al., 2003) . Kurosaka et al. (2004) showed that the Oct-4 mRNA expression pattern was restricted to ICM cells in the bovine blastocysts. Therefore, Oct-4 transcription factor was a suitable marker for the identification of pluripotent cells in cattle. STAT-3 was another key regulator for self-renewal of ES cells in mouse (Matsuda et al., 1999) and it was also expressed in the bovine ES cells (Saito et al., 2003) . The fragments of 314 bp (Oct-4) and 531 bp (STAT-3) were amplified, thus indicating that the colonies were formed by the cells in undifferentiated state (Figure 3) . Some mesoderm and endoderm gene markers as GATA-4 and Flk-1 respectively, were also assayed by RT-PCR. They have been used to monitor the in vitro progression of ES cell cultures to EB formation (Koike et al., 2007) . These genes were not expressed in the present ES-like cells grown until the sixth passage, confirming the undifferentiated state of these cells (Fig. 3) . Indeed, validated ES cell lines have yet to be established in cattle (Keefer et al., 2007; Talbot et al., 2008) . Up till now, regardless of the technique, only short-lived cultures have been described. The mechanical propagation of bovine ES-like cells was reported not to exceed seven passages in culture (Yadav et al., 2005) . In combination procedures (mechanical dissociation for only the first three passages, followed by subsequent passages with trypsin), bovine ES-like cell colonies are maintained up to 10 passages (Gong et al., 2010) . The physical isolation procedures of human ES cells have regained attention in last years since the possibilities of their use in cell therapy are being confirmed (Meng et al., 2010) . This study has demonstrated that the mechanical isolation of ICMs and mechanical propagation of colonies could be an inexpensive alternative for obtaining the bovine ES-like cells. The maintenance of a bovine ES cell lineage seemed to depend less on the technical procedures than the knowledge of the mechanisms that promote or influence cell pluripotency. This is not an easy task, as recently reported by Cao et al. (2009) , the pathways needed to maintain the undifferentiated state of bovine ES cells seem to be different from the already known pathways found in mice and humans. In summary, we were able to isolate bovine ICMderived ES-like cells by mechanical procedures.
These cells had typical embryonic stem cell morphology and expressed gene ES cell markers as Oct-4 and STAT-3. Colonies at sixth passage have not expressed the mesoderm and endoderm gene markers GATA-4 and Flk-1 respectively. Embryoid bodies were spontaneously formed at the seventh passage. By using these mechanical procedures, future studies should be carried to optimize the culture conditions (e.g. medium, supplements and growth factors) to extend the time in culture and the number of times the culture could be passaged.
